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The Human Health Effects of Exposure to Polybrominated Biphenyls. STROSS, J. K., 
SMOKLER, I. A., ISBISTER, J., AND WILCOX, K. R. (1981). Toxicol. Appl. Pharmacol. 58, 
145-150. Polybrominated biphenyls (PBB) were inadvertently introduced into the food 
chain in Michigan in 1973. Fifty-one people with known exposure to PBB were studied. 
Twenty-three farmers with disabling health complaints, and 28 chemical workers involved in 
the PBB manufacturing process were systematically evaluated to determine if these high- 
risk groups suffered adverse effects from their known exposure to PBB. The farmers had a 
high frequency of constitutional symptoms, hepatomegaly and skin rashes, findings not com- 
monly noted in the chemical workers. Biochemical and hematologic testing revealed few 
abnormalities, and electromyograms, nerve conduction velocities, endocrine studies, and 
lymphocyte transformation studies provided no objective findings that correlated with sub- 
jective complaints. There was no relationship between PBB levels and physical or labora- 
tory abnormalities. Present evidence suggests that people exposed to PBB have few objec- 
tive findings at this time, and reactive depression may be responsible for the high prevalence 
of constitutional symptoms. 
In 1973, between 500 and 2000 pounds of 
polybrominated biphenyls (PBB) were in- 
troduced into animal feed as a result of a 
shipping accident in Michigan (Carter, 
1976). Farm animals who ingested this feed 
suffered various consequences, including 
weight loss, decreased productivity, skin 
changes, and reproductive abnormalities. 
Thousands of animals died or were de- 
stroyed, but widespread human exposure 
was most intense on quarantined farms 
(Humphrey and Hayner, 1975), and in 
workers involved in the PBB manufactur- 
ing process (Anderson et al., 1978); low- 
level exposure occurred throughout the 
state. A survey of breast milk samples ob- 
tained throughout the lower peninsula of 
’ Presented in part at the American Federation for 
Clinical Research, May 7, 1979, Washington, D.C. 
Michigan showed that 51 (%%) of 53 sam- 
ples contained detectable levels of PBB 
(Brilliant et al., 1976). A general population 
survey recently completed has revealed 
that only 10% of the population in Michigan 
does not have detectable levels of PBB in 
their blood (Se&off and Anderson, 1979). 
Polybrominated biphenyls are halogen- 
ated, aromatic hydrocarbons that were 
widely used as flame retardants in the plas- 
tic industries (Sanders, 1978). PBBs have 
low acute toxicity (Aftosmis et al., 1972), 
but are biologically persistent (Matthews et 
al., 1977), and are capable of causing 
chronic injury to the liver (Kimbrough et 
al., 1977), skin (Moorheader al., 1978), kid- 
neys (Moorhead et al., 1978), and lym- 
phatic tissue (Luster et al., 1978). To deter- 
mine the effects of PBB exposure on human 
health, the Michigan Department of Public 
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TABLE 1 
HISTORICAL FINDINGS IN PATIENTS EXPOSED TO PBB” 
Farmers 
N = 23 (%) 
Chemical 
workers 
N = 28 (%) 
Weakness 23 (100) 3 (11) 
Fatigue 22 m 3 (11) 
Arthralgias 22 (96) 15 (54) 
Myalgias 19 (83) 10 (36) 
Abdominal pain 11 (48) 2 (7) 
Irregular bowel habits 8 (35) 2 (7) 
Frequent infections 11 (48) 3 (11) 
Skin rashes 11 (48) 1 (4) 
Memory loss 18 (78) 3 (11) 
Poor concentration 22 (96) 3 (11) 
Irritability 22 (96) 2 (7) 
Poor coordination 7 (39) 1 (4) 
Hypersomnulence 14 (61) 1 (4) 
Depression 17 (74) 4 (14) 
” A high prevalence of historical complaints is noted 
in the farmer group and not found in the chemical 
workers. 
Health, in conjunction with several federal 
agencies, established a cohort of 3600 per- 
sons with varying levels of PBB exposure. 
They were then surveyed to determine 
whether any changes in health status had 
occurred in relation to their PBB exposure. 
Although this cohort will be followed pro- 
spectively over the next several years, no 
associations were found between serum 
PBB levels and symptom prevalence rates 
and no statistically significant differences in 
lymphocyte number or function were noted 
(Landrigan et al., 1979). 
While performing these studies, a subset 
of patients was identified who complained 
of multiple, disabling health problems. 
These people complained of a serious dete- 
rioration in their health status that corre- 
sponded temporarily to their known expo- 
sure to PBB and rendered them unable to 
engage in their previous occupations. Since 
no significant abnormalities were initially 
identified in the cohort of 3600 patients, as 
well as the subset of patients with the most 
profound health complaints, a more de- 
tailed study of this subset was undertaken 
to determine if their complaints could be re- 
lated to PBB. A second group of patients 
was also studied, chemical workers who 
were involved in the manufacturing or dis- 
tribution of PBB. These people had pre- 
viously been found to have high levels of 
PBB in their serum and fat, and this study 
was aimed at determining whether high 
levels of PBB had led to adverse health ef- 
fects. Since large-scale population studies 
have already been undertaken in the State 
of Michigan and have failed to show deiete- 
rious effects from PBB; detailed, system- 
atic evaluation of those with high levels of 
PBB and those with multiple complaints 
that were temporally related to their expo- 
sure were undertaken to define the poten- 
tial health effects of PBB. 
METHODS 
Twenty-three persons, predominantly farmers from 
quarantined farms, with known exposure to PBB and 
incapacitating health complaints, were identified in the 
original study and asked to participate in a project 
aimed at determining the health effects of PBB. 
Twenty-eight workers from the Michigan Chemical 
Company, all of whom were involved in the manufac- 
turing or distribution of PBB, were also evaluated at 
University Hospital. These workers were selected at 
random from a pool of 100 people known to have 
worked directly with PBB during the previous five 
years. 
These 51 patients were evaluated in the Clinical Re- 
search Center of University Hospital. The evaluation 
of each patient included a history, physical examina- 
tion, X-ray film of the chest, an electrocardiogram, 
and extensive biochemical and hematologic studies. 
Fasting blood specimens for baseline determinations 
of thyroid, adrenal, and pituitary function were ob- 
tained as were responses to induced hypoglycemia and 
thyroid-releasing hormone. Immunologic studies in- 
cluded quantitative determinations of immunoglobulin 
levels, skin testing, and lymphocyte transformation 
studies. Peripheral blood lymphocytes were studied 
for transformation to three mitogens: phytohemagglu- 
tinin (PHA), concanavallin A (Con A), and pokeweed 
mitogen (PWM), in wells of flat-bottomed microtiter 
plates. Each mitogen was run in quadrnplicate wells 
that contained 105 lymphocytes per well in a total vol- 
ume of 0.2 ml RMPl-1640 with 20% autologous 
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plasma. Microtiter plates were placed in a 5% CO2 hu- 
midified incubator at 37°C. After incubation for % hr, 
cells were pulsed with 1 &i of PHjthymidine and har- 
vested 6 hr later with an OttoHillier cell harvester. 
Cells were then washed with saline, dried, resus- 
pended in scintillation fluid, and counted. Data were 
expressed as mean counts per minute @pm) per 105 
lymphocytes. 
PBB analyses were performed on serum, feces, fat 
specimens obtained by open biopsy, and bile obtained 
by duodenal intubation. Creatine phosphokinase, al- 
dolase, rheumatoid factor, antinuclear antibodies, and 
LE preparations were routinely obtained. Electromyo- 
grams and nerve conduction velocities, using a tech- 
nique modified from Hopf, were also performed on 
each patient. 
Patients underwent either psychiatric interviews or 
psychological testing. The psychological measures in- 
cluded Wechsler Adult Intelligence Scale, Minnesota 
Multiphasis Personality Inventory (MMPI), Beck De- 
pression Inventory, Revised Visual Retention Test, 
Trail Making Test, Purdue Pegboard, Finger Tapping 
Test, Finger-Tip Writing Test, Babcock Story Recall 
Test, Memory for Unrelated Sentences Test, Paired- 
Associated Memory Test, and Rorschach. 
RESULTS 
In the farmer group, there were 19 males 
(83%) and 4 females (17%). Their ages 
ranged from 16 to 59 with a mean of 38. The 
chemical workers consisted of 24 males 
(86%) and 4 females (14%) with ages of 23 
to 62 and a mean of 40 years. 
A characteristic symptom complex was 
apparent in the farmers but was not noted 
in the chemical workers. These symptoms 
are noted in Table 1 and are divided into 
five groups: general, musculoskeletal, cuta- 
neous, abdominal, and neuropsychiatric. 
The physical examination demonstrated 
two findings of interest in the farmers. The 
first was the relatively high prevalence of 
hepatomegaly. Eight patients (35%) had 
evidence of liver enlargement defined as 
greater than 11 cm of vertical height in the 
midclavicular line. Liver scanning con- 
firmed the presence of hepatomegaly in 
four of these individuals (17%), and two of 
them had a history of substantial alcohol in- 
take. Ten individuals (43%) had skin le- 
sions, but these were common dermato- 
logic problems, such as superficial mycoses 
and actinic keratosis, which are not uncom- 
mon in the general population and in people 
working outdoors. There were no other 
consistent findings noted in the farmers. 
The only abnormality noted in the chemical 
workers was the presence of hepatomegaly 
in two patients (7%), both of whom heavily 
indulged in alcoholic beverages, and abnor- 
mal skin examination in four patients 
(14%). 
Numerous biochemical tests were per- 
formed, but the only abnormalities found 
were minor elevations of the serum uric 
acid, serum iron, serum cholesterol, and 
triglycerides. The serum uric acid, serum 
iron, and serum cholesterol elevations were 
found in 20% of the farmers and chemical 
workers and were only slightly above the 
normal range. Elevation of the triglyceride 
level was noted in 50% of the farmers and 
chemical workers, with a mean of 185 mg% 
(SD + 50 mg), with an upper limit of nor- 
mal of 150 mg%. Abnormalities in liver 
function tests were noted in 4% of the pa- 
tients, and there was no correlation be- 
tween liver size and enzyme elevations ex- 
cept in those patients with a large intake of 
alcoholic beverages. PBB levels in serum 
and bile were similar and averaged 0.014 
parts per million in the farmers and 0.048 
parts per million in the chemical workers. 
Fecal levels were low and of no benefit. Fat 
levels averaged 3.26 parts per million in the 
farmers and 12.82 parts per million in the 
chemical workers. The partition coefficient 
between serum and fat of 250 is similar to 
what has been found in other studies. When 
patients were divided according to fat 
levels into high (~50 ppm), moderate (lo- 
50), and low PBB exposure (<lo), there 
was equal distribution of abnormal physi- 
cal, laboratory, and diagnostic studies. This 
is in agreement with the earlier finding of no 
association between PBB levels and symp- 
tom prevalence rates (Landrigan er al., 
1979). 
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TABLE 2 
LYMPHOCYTE FUNCTION IN PATIENTS EXPOSED TO PBBa 
Farmers Chemical workers 
N = 23 N = 28 
MDPH staff 
N=9 
Mean serum PBB level (ppm) 0.014 0.048 0.002 
Percentage of T cells 63.2 65.3 12.9 
Percentage of B cells 5.8 5.6 6.4 
Maximal blastogenic responses 
of blood lymphocytes 
(scintillation cpm) 
PHA (Mean 2 1 SD) 42,278 2 20,202 (p < 0.05)b 58,136 2 25,562 (N.S.) 63,170 2 16,308 (p < 0.01)’ 
PWM (Mean ? 1 SD) 48,054 k 16,917 (p < 0.01)” 50,369 k 18,667 (p < 0.01) 86,763 k 25,814 (p < O.O1)d 
Con A (Mean + 1 SD) 54,187 i 24,861 (N.S.)b 47,888 + 17,652 (N.S.) 65,858 k 37,265 (N.S.)” 
a Although statistically significant differences are noted between each group, ah figures are in the normal range for this 
laboratory and these differences have no known biologic significance 
b Student’s f test-between farmers and chemical workers. 
’ Student’s f test-between chemical workers and MDPH. 
d Student’s r test-between MDPH and farmers. 
Most other diagnostic studies were nor- 
mal aside from an occasional patient with 
an abnormal test result. Electromyograms 
and nerve conduction velocities revealed a 
slight decrease in nerve conduction veloci- 
ties in three patients who were asympto- 
matic. Pituitary function studies were nor- 
mal in all patients. 
Because of reported abnormalities in 
lymphocyte numbers and function, these 
patients provided us with an additional op- 
portunity to study patients under ideal cir- 
cumstances. Blood specimens were drawn 
and transported to the laboratory where the 
studies were immediately initiated. Blood 
specimens obtained from Michigan Depart- 
ment of Public Health employees were used 
as controls. No abnormalities in lympho- 
cyte number or function could be deter- 
mined in these groups of patients (Table 2). 
Although statistically significant differ- 
ences were noted in the blastogenic re- 
sponses, all values are within the normal 
range for this laboratory and these differ- 
ences have no known biologic significance. 
Psychiatric evaluation revealed a high 
prevalence of depression. Eighteen (78%) 
of the farmers had findings characteristic of 
reactive depression, but multiple tests of in- 
telligence , memory, and functional ability 
failed to demonstrate abnormalities. Only 
six patients (21%) in the chemical worker 
group had similar findings (x2 = p <O.OOl). 
The depression related to their health com- 
plaints, financial difficulties, and their per- 
ceived problems in obtaining help and in 
more patients was improving over time. 
DISCUSSION 
Since the contamination of animal feed 
with PBB was discovered, a variety of stud- 
ies have been undertaken to determine if 
PBB has caused any adverse health effects. 
The first study was carried out by the Mich- 
igan Department of Public Health, and it 
failed to identify any relationship between 
PBB levels and the presence or absence of 
symptoms. Abnormalities in lymphocyte 
function have been found by some workers 
(Bekesi et al., 1978) but could not be con- 
firmed by others (Landrigan et al., 1979). A 
similar situation exists with the neurologic 
examination (Valciukas et al., 1979; Stross 
et al., 1979). A large population study is 
complete now and no serious abnormalities 
have been reported (Selikoff and Anderson, 
1979). 
This study concentrated on two highly 
selected groups of patients, one with multi- 
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ple health-care complaints that began after 
the PBB contamination, and the other with 
high levels of PBB in their bodies. It was 
based on the premise that if PBB was going 
to cause toxic effects, they should be dose 
related, and those with high levels should 
be at greater risk. Since previous studies 
failed to reveal any dose relationship, we 
initiated a more comprehensive evaluation 
to determine if any abnormalities existed. 
We also studied those patients with multi- 
ple symptoms to determine if they could be 
related to their known exposure to PBB. 
It is not surprising that the farmers had a 
high prevalence of historical complaints 
since they were selected because of them. 
The chemical workers had very few com- 
plaints, but since this study was undertaken 
at a time when a decision to close the plant 
was being considered, employees could 
have minimized their complaints. In spite 
of the frequent complaints of the farmers, 
there were few findings on physical exami- 
nation and few abnormalities in their labo- 
ratory tests that corresponded to their com- 
plaints. Although one-third had an enlarged 
liver on examination, half of these were not 
confirmed by liver scan, thus, showing the 
unreliability of the physical examination for 
demonstrating hepatomegaly. There were 
two patients with proven hepatomegaly 
that could not be explained on the basis of 
other causes. Since both of these individu- 
als were also in contact with multiple other 
chemical agents that are known hepato- 
toxins, it is not possible to state that a cause 
and effect relationship exists. Although 
skin problems were common, there were no 
cases of chloracne. No significant historical 
or physical findings were noted in the 
chemical workers. 
Despite extensive biochemical testing, 
few abnormalities were found. Elevation in 
the serum triglycerides was the most com- 
mon finding, averaging 185 mg%, slightly 
over the normal value of 150 mg%. Since 
Bekesi et al. (1978) reported abnormal 
lymphocyte function and numbers, and 
Landrigan et al. (1979) were unable to con- 
firm these findings, this study provides ad- 
ditional evidence that abnormal lympho- 
cyte function is not commonly found. No 
anergy to skin testing was noted and quanti- 
tative determinations of immunoglobulin 
levels were normal. Many patients had 
musculoskeletal complaints but serologic 
studies failed to reveal evidence of rheu- 
matic diseases, except in one individual 
with active rheumatoid arthritis. Joint 
X-rays were normal or showed evidence of 
degenerative changes. Since peripheral 
neuropathies resulting from toxic expo- 
sures may preferentially affect slow-con- 
ducting nerve fibers, we measured the full 
range of conduction and failed to demon- 
strate any abnormalities. 
The PBB levels of this group of chemical 
workers were identical to those previously 
found in Michigan Chemical Company em- 
ployees, while the levels of the farmers 
were far lower but still in a range that was 
higher than the population at large in the 
state. There was an equal distribution of 
physical and laboratory abnormalities in 
people with low, moderate, or high PBB 
levels. 
The most prominent findings were noted 
in the psychiatric evaluation and in the psy- 
chological testing. Objective evidence of 
organic change in the central nervous sys- 
tem could not be documented. Contrary to 
other reported studies (Brown and Nixon, 
1979), tests of intelligence, memory, and 
fine motor control were normal despite a 
high prevalence of complaints relative to 
these areas. Since no changes could be 
identified in these high-risk groups, it is un- 
likely that they would be found in less ex- 
posed groups, such as the public at large. 
The pertinent findings were a high preva- 
lence of depression and a somatic preoccu- 
pation about health. This was noted in al- 
most 80% of the farmers versus 21% of the 
chemical workers. There were many fac- 
tors that could have influenced this, includ- 
ing financial difficulties, legal proceedings, 
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inability to obtain help in dealing with their 
problems, and a perceived coverup of the 
entire incident. 
polybrominated biphenyls. .I. Amer. Med. Assoc. 
242, 523-527. 
In conclusion, patients with multiple 
health-care complaints and known expo- 
sure to PBB and patients with high levels of 
PBB in their bodies were not found to have 
objective evidence of deleterious effects at 
this time. The most common finding to date 
is the presence of reactive depression 
which appears to have resulted from a myr- 
iad of problems surrounding the incident. 
Since animal studies have identified multi- 
ple serious problems, long-term follow-up 
will be needed to screen for those potential 
effects. 
CARTER, L. J. (1976). Michigan’s PBB incident: 
Chemical mix-up leads to disaster. Science 192, 
240-243. 
HUMPHREY, H. E. B., AND HAYNER, N. S. (1975). 
Polybrominated biphenyls: An agricultural incident 
and its consequences, an epidemiological investiga- 
tion of human exposure. Presented at Ninth Annual 
Conference on Trace Substances in Environmental 
Health, Columbia. 
JACKSON, T. F., AND HALBERT, F. L. (1977). A toxic 
syndrome associated with the feeding of poiybro- 
minated biphenyl contaminated protein concen- 
trates to dairy cattle. J. Amer. Vet. Med. Assoc. 
165,437-439. 
ACKNOWLEDGMENT 
The authors thank the Michigan Department of Pub- 
lic Health for their assistance in patient selection, PBB 
analysis, and financial support for this project. 
KIMBROUGH, R. D., BURSE, V. W., AND LIDDLE, J. 
A. (1977). Toxicity of polybrominated biphenyl. 
Lancet 2, 602403. 
LANDRIGAN, P. J., WILCOX, K. R., SILVA, J., 
HUMPHREY, H. E. B., KAUFFMAN, C., AND 
HEATH, C. W. (1979). A cohort study of Michigan 
residents exposed to polybrominated biphenyls: 
Epidemiologic and immunologic findings. N. Y. 
Acad. Sci. 320, 284-294. 
REFERENCES 
AFTOSMIS, J. G., CULIK, R., LEE, K. P., SHERMAN, 
H., AND WARITZ, R. S. (1972). Toxicology of bro- 
minated biphenyls. I. Oral toxicity and embroyotox- 
icity. Toxical Appl. Pharmacol. 22, 316. 
ANDERSON, H. A., WOLFF, M. S., FISCHBEIN, A., 
AND SELIKOFF, I. J. (1978). Investigation of the 
health status of Michigan Chemical Corporation em- 
ployees. Environ. Health Perspect. 23, 187-192. 
BEKESI, J. G., HOLLAND, J. F., ANDERSON, H. A., 
FISCHBEIN, A. S., ROM, W., WOLFF, M. S., AND 
SELIKOFF, I. J. (1978). Lymphocyte function of 
Michigan dairy farmers exposed to polybrominated 
biphenyls. Science 199, 1207-1209. 
BRILLIANT, L. B., VANAMBURG, G., ISBISTER, J., 
HUMPHREY, H., WILCOX, K., EYSTER, J., 
BLOOMER, A. W., AND PRICE, J. (1976). Breast milk 
monitoring to measure Michigan’s contamination 
with polybrominated biphenyls. Lancer 2, 673-676. 
BROWN, G. G., AND NIXON, R. (1979). Exposure to 
LUSTER, M., FAITH, R. E., AND MOORE, J. A. (1978). 
Effects of polybrominated biphenyls on immune re- 
sponse. Environ. Health Perspect. 23, 227-232. 
MATTHEWS, H. B., KATO, S., MORALES, N. M., AND 
TUEY, D. B. (1977). Distribution and excretion of 2, 
4, 5, 2, 7, 5 hexabromobiphenyl, the major compo- 
nent of Firemaster BP-6. J. Toxical Environ. Health 
3, X9-605. 
MOORHEAD, P. D., WILLETT, L. B., AND SCHAN- 
BOCHER, F. L. (1978). Effects of PBB on cattle. II. 
Gross pathology and histopathology. Environ. 
Health Perspect. 23, 11-118. 
SANDERS, H. J. (1978). Flame retardants-special re- 
port. Chem. Eng. News 22-36. 
SELIKOFF, I. J., AND ANDERSON, H. A. (1979). A sur- 
vey of the general population of Michigan for health 
effects of PBB exposure. Submitted to the Michigan 
Dept. of Public Health. 
367. 
STROSS, J. K., NIXON, R. K., AND ANDERSON, M. D. 
(1979). Neuropsychiatric findings in patients ex- 
posed to polybrominated biphenyls. New York 
Acad. Sci. 320, 368-372. 
VALCIUKAS, J. A., LILIS, R., ANDERSON, H. A., 
WOLFF, M. S., AND PETROCCI, M. (1979). The neu- 
rotoxicity of polybrominated biphenyls: Results of a 
medical field survey. New York Acad. Sci. 320,337- 
